Abstract. Damage development due to creep under uniaxial tension at elevated temperatures is assessed using destructive and non-destructive methods in steels, commonly used in power plants or chemical industry, and in aluminium alloy used in aircrafts for responsible elements. The results obtained using two different destructive methods for assessments of damage development are critically discussed. In the first method the specimens of steel after different amounts of creep prestraining were stretched up to failure and variations of the selected tension parameters were taken into account for damage identification. In the second one, a damage degree was evaluated by studying variations of an initial yield locus position in the stress space and by determination of the yield loci dimensions. The ultrasonic investigations were selected as the non-destructive method for damage development evaluation.
Introduction
Exploitation loadings of majority structural elements and devices have long time character, often associated with elevated temperatures. Such conditions stimulate development of creep phenomenon usually defined as a process which takes place under constant loads giving stress levels typically lower than the conventional yield point of a material. In the creep process three periods can be distinguished; primary, secondary and tertiary. From previous microscopic investigations it is well known that damage of a material already appears at primary creep, and in the next stages damage changes only its velocity [1] . Therefore, it seems to be interesting to assess how the damage processes in the subsequent creep stages can change mechanical properties of materials. Moreover, it is also interesting to know how the same mechanical parameters variations are related to a type of loading process leading to the same amount of strain. The available results are still not sufficient, since they have been achieved mainly from uniaxial stress state tests, and moreover, they cover too narrow group of materials [2] [3] [4] [5] [6] . Hence, it is important to carry out investigations under multiaxial stress conditions which give greater opportunity to increase our knowledge dealing with a complex problem of deformation taking place in the commonly used devices or responsible elements of constructions. Due to extremely high costs and complexity of such type investigations, their number is limited, and as a consequence, the data available are still insufficient to create relatively simple, but simultaneously, reasonable and effective constitutive models. In order to get more thorough understanding of the phenomena associated with an influence of deformation history on mechanical properties of materials the paper considers two types of deformation processes: deformation due to creep and deformation due to plastic flow caused by the monotonically increasing load.
Assessments of Creep Damage Using Parameters of the Standard Tension Tests
Uniaxial tension creep tests were carried out on A336 and 40HNMA steels using plane specimens, Fig.1 . For each steel all tests were conducted in the same conditions. In the case of A336 the stress level was equal to 425 MPa, and temperature 698 K, whereas for 40HNMA they were 250 MPa, and 773K, respectively. In order to assess a damage development during the process of creep the tests for A336 steel were interrupted for a range of the selected time periods 50h, 75h, 100h, 128h, 135h which correspond to the increasing amounts of creep strain equal to 1.72%, 1.98%, 2.57%, 5.5%, 7.0%, respectively (Fig. 2) . In the case of 40HNMA the tests were interrupted after 100h (0.34%), 241h (0.8%), 360h (1%), 452h (1.1%), 550h (1.2%), 792h (2,3%), 929h (4.0%) and 988h (6.5%), Fig. 3 . The creep strain is defined as ε c = ε -ε e , where ε -total strain, ε e -elastic strain. The same magnitudes of deformation were applied to prestrain specimens by means of plastic flow at room temperature. After each prestraining test a damage of specimen was assessed using the nondestructive methods. In the next step of experimental procedure, the same specimens were mounted on the hydraulic servo-controlled MTS testing machine and then stretched until the failure was achieved. It is observed that the 40HNMA steel becomes to be more brittle with the increase of creep duration. It is caused by an increasing number of voids with the increase of creep process duration. The concept of yield surface can be treated as the alternative method of damage assessments [7] . It requires tests to be performed under complex stress states which better characterizes material behaviour. An applicability and efficiency of this method will be presented in the next part of this paper.
Assessments of Damage Development Using the Yield Surface Concept
Experimental Programme. Programme of tests for PA6 aluminium alloy comprised the following steps:
1) Determination of the initial yield surface, 2a) Prior deformation of specimens due to uniaxial tension creep at 423K up to 1% and 2.5%, 2b) Determination of the yield surfaces after creep prestraining, 3a) Prior deformation of specimens due to uniaxial tension at room temperature; the material was prestrained up to the same strain amounts as those during creep achieved, 3b) Determination of the yield surfaces for both materials after room temperature tension prestraining. The initial and subsequent yield surfaces have been determined using the probing technique of a single specimen [8] [9] [10] . Results. The experimental results presented in the form of yield surfaces for the as-received material and for the same material after prestraining are compared in order to identify the differences they exhibit for the same offset strain. Such comparative pictures are shown in Figs. 6a and 6b. Creep conditions considered in the experimental programme for aluminium alloy (stress 300 MPa, temperature 423K) caused deformation levels which corresponded to tertiary creep. The aluminium alloy exhibits the kinematic hardening effect for lower level of prior deformation, Fig.  6a . It is demonstrated by a shift of the yield surface in the direction of prior deformation. It has to be noted, that the effect is especially clear in the case of prestraining due to the monotonically increasing load at room temperature. For the material prestrained by means of creep at elevated temperature only a little shift of the subsequent yield surface can be observed. The isotropic hardening effect is negligibly small for both types of prestraining. The results for aluminium alloy prestrained up to 2.5 % exhibit that plastic flow due to the monotonical increase of load strengths the effect of kinematic hardening, however such increase is relatively small, Fig. 6b . The reason of that is connected with the shape of aluminium alloy stress -strain characteristic, namely, a strain hardening increment takes place in the initial phase of deformation. In the further stage of deformation process, the material characteristic of aluminium alloy is almost flat, only little hardening can be observed. The shape and dimensions of the subsequent yield surface determined for aluminium alloy prestrained up to 2.5 % due to creep (this level of strain corresponded to the advanced phase of tertiary creep, very close to rupture) indicate that a damage processes of the material were strongly developed. It is expressed by serious diminishing of that yield locus dimension which is parallel to the stress direction applied during creep. The effect of softening due to the prior creep deformation was not observed in the perpendicular direction with respect to that during creep used. Even small increase of the yield locus dimension was achieved in this direction (the cross effect).
(a) (b) Fig. 6 . Comparison of the initial yield locus (1) with yield surfaces determined for aluminium alloy prestrained up to: (a) 1%, and (b) 2.5% by means of creep (2) and monotonic loading (3). Offset strain was equal to 5×10 -5 . σ (MPa)
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Creep Damage Evaluation Using Ultrasonic Methods
Ultrasonic wave velocity and attenuation are acoustic parameters most often used to assess material damage due to creep or fatigue. Results of investigations show that attenuation of ultrasonic waves is in practice stable until the last creep or fatigue stages [11, 12] . It was also observed that velocity changes due to creep or fatigue are small, and therefore, application of velocity measurement for damage evaluation in industrial conditions is very difficult. In this work, to evaluate damage progress in steels the elastoacoustic coefficient β and acoustic birefringence B were applied instead of velocity and attenuation measurements. Specimens were subjected to creep deformations according to the program presented in Figs. 2 and 3 . Elastoacoustic coefficient β is the measure of elastoacoustic effect and describes ultrasonic wave velocity changes due to stress variation. Value of β depends on material grade, mode of ultrasonic wave and correlation between ultrasonic wave propagation, polarization and stress directions. The highest value of β is observed for longitudinal wave propagated along the stress. It was shown that this parameter is sensitive on prior creep deformation in the case of A336 steel, for 40HNMA steel, however, it was completely not sensitive.
Acoustic birefringence B is a measure of material acoustic anisotropy. It is based on the velocity difference of two shear waves polarized in perpendicular directions. In the specimen subjected to creep the shear waves propagated in the specimen thickness direction and were polarized along its axis and in the perpendicular direction. 
Conclusions and Remarks
The effect of prestraining induced in PA6 aluminium alloy, A336 and 40HNMA steels has been experimentally assessed in the paper. The results show that the effect of prior deformation on the subsequent material behaviour depends not only on the magnitude of prestrain, but also on the way in which such deformation is achieved.
The prior deformation induced during the monotonic loading of A336 steel at room temperature causes hardening. In the case of deformation induced by means of creep at elevated temperature also hardening effect was observed, however, its magnitude was significantly lower.
Creep investigations give the macroscopic parameters characterizing the lifetime, strain rate, ductility, without any exact information concerning damage development and material microstructure. On the other hand, the non-destructive methods enable to provide a knowledge concerning damage development in a particular time of the entire working period of an element, however, without sufficient information dealing with the microstructure and time of its further secure exploitation. Therefore, it seems to be reasonable to plane future damage development investigations in the form of interdisciplinary tests connecting results achieved using destructive and non-destructive methods with microscopic observations in order to find mutual correlation between their parameters.
